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Abstract 

Background: The equine influenza (El) is an infectious and contagious disease of the upper respiratory tract of horses. 
Two outbreaks were notified in Morocco during 1997 and 2004 respectively in Nador and Essaouira. The aims of the 
present study concern the amino acids sequences comparison with reference strain A/equine/Miami/1963(H3N8) of 
the HA2 subunit including the cleavage site of three equine influenza viruses (H3N8) isolated in Morocco: A/equine/ 
Nador/1/1997(H3N8), A/equine/Essaouira/2/2004 (H3N8) and A/equine/Essaouira/3/2004 (H3N8). 

Results: The obtained results demonstrated that the substitutions were located at Ectodomain (ED) and transmembrane 
domain (TD), and they have only one arginine in cleavage site (HA1-PEKQI-R 329 -GI-HA2). In the Ectodomain, the 
mutation N/154 2 /T deleted the NGT glycosylation site at position 154 for both strains A/equine/Essaouira/2/2004 
(H3N8) and A/equine/Essaouira/3/2004(H3N8). Except for mutation D/160 2 /Y of the A/equine/Nador/1/1997(H3N8) 
strain, the other mutations were involved in non conserved sites. While the transmembrane domain (TM) of the strain 
A/equine/Essaouira/3/2004(H3N8) exhibits a substitution at residue C/199 2 /F. For the A/equine/Nador/1/1997(H3N8) 
strain the HA2 shows a mutation at residue M/207 2 /L. Three Moroccan strains reveals a common substitution at the 
residue E/21 1 2 /Q located between transmembrane domain TM and the cytoplasmic domain (CD). 

Conclusion: The given nature virulence of three Moroccan strains, the identified and reported mutations certainly 
played a permissive role of infection viral process. 
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Background 

In Morocco horses play a significant socio-economic role, 
but their health status is threatened by the occurrence of 
many infectious and contagious diseases such as equine 
influenza (EI), equine viral arteritis, rhino-pneumonia and 
West Nile disease. However, EI remains the most alarming 
disease that causes significant economic losses, often due 
to the unavailability of sportive horses and the decline of 
their performance during pulmonary sequels [1-3]. 

Equine influenza virus is a species-type A influenza virus 
from the orthomyxovirus family [4]. Two subtypes of 
equine influenza virus H7N7 and H3N8, were identified: 
(prototypes A/equine/Prague/l/56(H7N7) and A/equine/ 
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Miami/1/63(H3N8) [5,6]. The first subtype (H7N7) is 
antigenically stable. Since 1979, no outbreaks have been 
reported [7,8]. While, the second subtype (H3N8) con- 
tinues to circulate worldwide, and was responsible of all 
recent reported outbreaks [9,10]. Since 1989, this virus 
has diverged into two antigenically distinct lineages: 
Eurasian and American lineages. The last lineage subse- 
quently diverged into three sublineages: south America, 
Florida (Clades 1 and 2) and Kentucky [4]. 

The genome of equine influenza virus (EIV) consists in 
of eight RNA segments encoding 11 proteins: polymerase 
polypeptides: PB1, PA, PB2, surface glycoproteins hemag- 
glutinin (HA) and neuraminidase (NA), major nucleocapsid 
protein (NP), matrix protein (Ml), ionic channel protein 
(M2), nonstructural anti-interferon protein (NS1), nuclear 
export protein (NEP), and some strains of EIV also express 
a recently discovered PB1-F2 mitochondrial protein 
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(PB1-F2) [11-13], which is a pro-apoptotic peptide with 
a predominantly mitochondrial localization. 

The hemagglutinin is a glycoprotein encoded by segment 
4 of the viral genome and synthesized as a precursor 
form (HA0) (75 kDa) of 550 amino acids by the ribosomes 
associated with endoplasmic reticulum [14]. 

The association of three monomers (HA0) forms a 
homo-trimer projected form spicules on the surface of 
the viral particle of 135 A [15]. It consists in two poly- 
peptides, HA1 of 328 amino acids (50 kDa) and HA2 
of 221 amino acids (25KDa), linked to each other by a 
disulfide bond between residues 14 of the HA1 and 
137 of the HA2 [16,17]. The cleavage of HA0 occurs 
at arginine conserved residue 329 of the cleavage site, 
which includes 19 residues (323-328 of HA1, 329 and 
1-12 of HA2 [18]. 

In the low virulent strains limited to the respiratory 
tract, this site is usually a unique arginine (eg: HA1- 
PEKQI-R 329 -GI-HA2 of the strain A/equine/Miami/ 1963 
(H3N8)/AAA43164). In contrast with the highly patho- 
genic avian strains, this cleavage site consists in several 
basic residues, forming a consensus sequence type R-X- 
K/R-R. (eg: HA1-PQRERRRKKR 329 -GL-HA2 of the strain 
A/Chicken/Hong Kong/258/97(H5Nl)/AAC14418). In 
the cleavage site of highly pathogenic avian influenza 
viruses (HPAIV), the "RRRKKR" sequence represents the 
pathogenic cleavage site motif [19]. 

Habitually, different proteases recognize monobasic 
sequences and cleave HA0 into HA1 and HA2 [20]. One 
of them is the tryptase Clara (extracellular protease). 
Though the HAs in the multibasic site would be cleaved 
by ubiquitous proteases such as furin (intracellular prote- 
ase present in the Golgi apparatus), which leads to a much 
broader tropism of the virus leading to severe systemic 
infection [21-24]. 

The HA2 exhibits a relatively high degree of conservation 
[25,26] and forms the basis of the structural-functional 
fusogenic activity, which is often considered as one of 
the essential biological properties of viral infection [27] . 
Residues 1-185 are the ectodomain (ED) within the N- 
terminal extremity of 22 amino acid representing the 
"fusion peptide (PF)"[28], the residues 185-211 are the 
transmembrane domain (TM) and finally residues 211-221 
form the cytoplasmic domain (CD) embedded within the 
viral particle [17,29]. 

Through this paper, we will develop the study of the 
amino acid sequences of the HA2 sub-unit and cleavage 
site of three strains isolated in Morocco: A/equine/ 
Nador/l/1997(H3N8), A/equine/Essaouira/2/2004(H3N8), 
A/equine/Essaouira/3/2004(H3N8) [30] and their compari- 
son with those of the equine influenza strains available 
in the Genbank database, including strains recently iso- 
lated in Algeria by Laabassi et al, [31]. Results released 
concerning the equine influenza strains isolated in the 



Arabian Maghreb are likely on the HA1 subunit and more 
particularly on the antigenic sites [30,31]. 

Methods 

Viruses 

A/equine/Nador/l/97(H3N8) was isolated in Nador from 
a mule using 11-day-old specific-pathogen-free chicken 
eggs as described by Kissi [32]. A/equine/Essaouira/2/ 
2004(H3N8) and A/equine/Essaouira/3/2004(H3N8) were 
isolated from diseased donkey and a horse, respectively, 
during 2004 outbreaks in Essaouira. Comparing to the 
epizootic of 1997, the epizootic of 2004 was notified by 
the international organization of epizootics [33]. 

The isolates from Essaouira outbreaks were passaged 
on Madin-Darby canine kidney (MDCK) cells at 34°C in 
an atmosphere of 5% C02 in Eagles minimum essential 
medium supplemented with 5% FCS [34]. 

Viral RNA extraction and amplification 

Viral RNA was directly extracted from isolates using a 
Purlink viral RNA/DNA-Minikit (Invitrogen, UK) follow- 
ing the manufacturers recommended protocol. PCR was 
performed by Platinum® PCR SuperMix High Fidelity kit 
(Invitrogen, UK) on cDNA obtained using primers specific 
for HA1F (CAGGGGATATTTCTGTCAATCATG) HAIR 
(GCTGCTTGAGTGCTCTTTAGATC), HA2F (ATTA 
CACCAAATGGAAGCATC) and HA2R (AG TAG AAA 
CAAGGGTGTTTTTAAC) at a final concentration of 
0.5 uM for primers. Primer design is detailed by Tissier 
et al. [35]. The thermal cycle was programmed as 
followed: an incubation at 95°C for 2 min, and then 
35 cycles of denaturation at 95°C for 30s, 52°C for 
1 min for hybridization of HA1 and 48°C for 1 min for 
HA2 primer hybridization, 72°C for 30s. 

Sequencing HA genes 

The amplified HA (HA1 and HA2) products were se- 
quenced. Briefly, the PCR products were purified using 
EXOSAP-IT (USB) and bidirectionally sequenced by using 
ABI BigDyel Terminator v3.1 (Applied Biosystems) on an 
ABI 3130x1 sequencer (Applied Biosystems). Analysis of 
the produced electrophoregramm was carried out with 
the sequencing Analysis Software version 5.3.1 (Applied 
Biosystems). The HA gene in its entirety was sequenced, 
HA1 and HA2 two polypeptides, which are representing 
the two subunits of the protein. Subsequently, these 
sequences were assembled to reconstruct the entire 
HA; for this purpose, the primers were selected and the 
two segments overlapped [35]. 

Phylogenetic analysis and sequences alignment 

We performed phylogenetic analysis of 39 equine influenza 
strains (including Moroccan and Algerian isolates) pub- 
lished in GenBank database, selected using the neighbor- 
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joining method [36], in which the A/equine/Miami/63 
HA sequence was the root. The tree was visualized using 
MEGA5.1 software (http://megasoftware.net/) [37]. 

Multiple alignments of the amino acid sequence of HA2 
of Moroccan strains were used by Basic Local Alignment 
Search Tool (BLAST) and MEGA5.1 software. 

Results and discussion 

The nucleotide sequences of hemagglutinin of the three 
Moroccan isolates: A/equine/Nador/l/1997(H3N8), A/ 
equine/Essaouira/2/2004(H3N8) and A/equine/Essaouira/ 
3/2004(H3N8) are recorded in "GenBank" database under 
the following accession numbers: JQ955607, JQ955609 
and JQ955612. 

Between 1972 and 2011, fourteen equine influenza 
strains have been isolated in the Maghrebian Arab region. 
Their phylogenetic analyses showed their relationships in 
the various stages of antigenic evolution (Predivergence, 
European and American lineages) [30,31]. 

The strains A/equine/Essaouira/2/2004, A/equine/Essa- 
ouira/3/2004 and A/equine/Algiers/1972 show a high 
homology with reference strain (A/equine/Miami/63) 
belonging therefore to the predivergence phase (Figure 1). 
While A/equine/Nador/1/1997 strain was clustered with 
the Eurasian lineage viruses, exhibiting the highest hom- 
ology to the influenza viruses in equine infected in Italy in 
the early nineties (i.e. A/equine/ Italy/ 1199/1992) [30]. 

In 2011, ten strains of equine influenza (A/equine/ 
Tiaret/1/ 2011 to A/equine/ Tiaret/1 0/2011) were isolated 
by Laabassi and colleagues in Tiaret (the west of Algeria). 
These strains belong to the American lineage and Florida 
sublignage (clade 2) [31] (Figure 1). 

The comparison of the amino acid sequences of the HA2 
of three strains isolated in Morocco and the reference 
strain A/equine/Miami/1963(H3N8) shows that the strain 
A/equine/Nador/l/1997(H3N8) present ten substitutions 
at the residues respectively: F/56 2 /I, K/58 2 /R, E/85 2 /D, 
N/135 2 /G, E/150 2 /G, D/160 2 /Y, R/174 2 /K, G/175 2 /S, Ml 
207 2 /L and E/211 2 /Q. In both strains A/equine/Essaouira/ 
2/2004(H3N8) and A/equine/Essaouira/3/2004(H3N8), 
the HA2 represents four common mutations at the 
residues: F/56 2 /I, N/154 2 /T, D/158 2 /N and E/211 2 /Q 
and an additional substitution at residue C/199 2 /F for 
the strain A/equine/Essaouira/3/2004(H3N8) (Table 1). 
The strain A/equine/Algiers/1972 has eight substitutions 
at the residues: Q/327VR, I/328VL, Y/26 2 /H, F/56 2 /I, 
A/101 2 /T, K/121 2 /R, G/175 2 /S and E/211 2 /Q. 

Ten Algerian strains (A/equine/Tiaret/ 1/2011 to A/ 
equine/Tiaret/10/2011) presented nine common muta- 
tions at residus: A/43 2 /T, G/50 2 /E, F/56 2 /I, K/58 2 /R, N/ 
135 2 /G, E/150 2 /G, D/160 2 /Y, R/174 2 /K, E/211 2 /Q. both 
strains A/equine/Tiaret/ 10/2011 and A/equine/Tiaret/ 
6/2011 show additional mutation respectively at residue 
I/328 1 /V et K/62 2 /C. The impact of adjacent amino 



acids of HA cleavage site on virulence was studied by 
several authors [38]. 

The hemagglutinin of the three isolated strains in 
Morocco A/equine/Nador/1/1997, A/equine/Essaouira/ 
2/2004(H3N8) and A/equine/Essaouira/3/2004 (H3N8) 
have a single conserved arginine at the residue 329 
(R329), while the strain A/equine/Algiers/1972 (H3N8) 
shows two arginines at the residues 327 and 329 (Q/ 
327 1 /R, R329) (HA1-RXR 329 -GI-HA2). Mutations leading 
to the acquisition of basic amino acids are also observed 
for the strains A/equine/Tokyo/2/1971(H3N8) (Q/327VR, 
HA1-RXR 329 -GI-HA2), A/equine/Uruguay/ 1/ 1963 (H3N8) 
(K/326VR, HA1-RXXR 329 -GI-HA2), A/equine/Sao Paulo/ 
6/1963 (H3N8) (K/326VR et Q/327VR, HA1-RRXR 329 - 
GI-HA2 and A/equine/Sachiyama/ 1/1971 (H3N8) (Q/ 
327VR, HA1-RXR 329 -GI-HA2) (Figure 1). 

Interestingly, these mutations do not corroborate the 
consensus sequence of the high pathogenic avian virus 
H5 and H7 (HA1-RRRKKR 329 - GL-HA2) [24]. 

Figure 2 shows a cleavage sites sequences comparison 
with the highly pathogenic avian strain A/ Chicken/Hong 
Kong/258/97 (H5N1)/AAC14418). Its worth noting that 
a pathogenic cleavage site motif "RRRKKR" is absent in 
the cleavage site of the equine influenza virus (H3N8). 
However, Bogs et al, 2010, reported that the introduction 
of such a polybasic motif into the HA cleavage site of a 
low-pathogenic H3N8 strain did not lead to transform- 
ation into an HPAIV indicating the existence of additional 
virulence determinants in the HA and/or the other viral 
proteins [39]. 

Furthermore, the passage of a monobasic cleavage site to 
another polybasic represents a potential risk of increased 
virulence and spread of influenza infection [19]. 

The mutations at the cleavage site by basic amino acids 
for EIVs are exceptional. The result of the alignment of 
132 hemagglutinin sequences (H3) (full length) of EI with 
available sequences on the Genbank database was made. 
Only nine sequences (ACF22126, AAA43100, ACI25735, 
ACD85385, ACD85264, AAA43111, AEM60147, AAA 
43114, and ACD85418) have at least two arginines at 
the cleavage site. The three types of sequences HA1- 
RXR 329 -GI-HA2, HA1-RXXR 329 -GI-HA2 and HA1- 
RRXR 329 -GI-HA2 are noticed. 

Among 23 amino acids "GIFGAIAGFIENGWEGMV 
DGWYG" corresponding to the sequence of the fusion 
peptide of the three Moroccan isolated and the used 
aligned strains, the four residues 20-23 (GWYG) are 
completely conserved which include two hydrophobic 
residues of Glycine [23]. 

Additionally, the result of amino acid alignment shows 
no mutation compared to the reference strain A/equine/ 
Miami/ 1963. The high conservation of the N- terminal 
region of the HA2 sequences, especially for the first 11 
amino acids "GIFGAIAGFIE", with few rare mutations, 
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Figure 1 Phylogenetic tree obtained by comparing amino acid sequences for 30 strains derived from the hemagglutinin gene HA1 
(1-329 aa). Accession numbers: A/eq uine/Miami/1 963, AAA43164; A/equine/Uruguay/1/1963, AAA431 14 ; A/equine/Tokyo/1971, AAA431 1 1; A/ 
equine/Algiers/1972 , ACF22126; A/equine/Fontainbleu/1/1 979, ACD85396; A/equine/Romania/1/1 980, ACD85374; A/equine/Kentucky/1/1 987, 
ACA24568;A/equine/Suffolk/89, CAA48482; A/eq uine/Yve lines/21 36/89 ,BAA33940 ; A/equine/lbadan/6/91, CAA64893; A/equine/Rome/5/1991, 
ACD85341; A/equine/ltaly/1 199/1992 ,ACD85308; A/equine/Florida/1/93, AAB36978; A/equine/LaPlata/1/93,BAA33947; A/equi 2/Avesta/93, CAA74385 ; 
A/eq/Newmarket/2/93, CAA59416; A/equine/Dubai/48/1995, AEI26218; A/equine/Nador/1/1997, AFJ69903; A/equine/Grobois/1/1998, ACH95594; A/ 
equine/Ohio/1/2003, ABA39846 ; A/equine/Essaouira/3/2004, AFJ69909; A/equine/Spain/1/2007, AD078886; A/equine/Egypt/6066NAMRU3-VSVRI/2008 
(A/equine/Egypt/2008), ACH95682; A/equine/Essaouira/2/2004 ,AFJ69905; A/equine/Athens/04/2007, ADF55752; A/equine/Berlin/13/02, ABP35588 ; 
equine/Brescia/1999 ,ABU46321 ; A/equine/Bmo/1/1997 , AEI26221; A/equine/South Africa/4/2003, ADB45165; A/equine/Richmond/1/2007, ACH95569; 
A/equine^iaret/1/201 1, AGR54591; A/eq uine^ia ret/2/201 1, AGR54592; A/equine/Tiaret/3/201 1, AGR54593; A/equi ne/Tiaret/4/201 1, AGR54594; 
A/equine^iaret/5/201 1, AGR54595; A/eq uine^ia ret/6/201 1, AGR5 4596 ;A/equine/Tiaret/7/201 1, AGR54597 ; A/equine^iaret/8/201 1 ,AGR54598; 
A/equine^iaret/9/201 1, AGR54599; A/eq uine^ia ret/ 10/201 1, AGR54600. 



was observed in all HA subtypes of influenza virus type 
A. Currently, this conserved region of HA2 and of the 
M2e (ectodomain M2 ion-channel protein) form the 
basis of the research for the development of a universal 
vaccine [40,41]. 



The three segments (residues 34-37) of the homo- 
trimer comb the cap of the N-terminal triple-stranded 
coiled coil forming a small ring. Even more, the annular 
space formed is stabilized by the triple contact between 
the methyl groups of Ala-35 and Ala-36, which are 
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Q 


A/equine^iaret/8/201 1 






G 






G 






Y 






K 








Q 


A/equine^iaret/9/201 1 






G 






G 






Y 






K 








Q 


A/equine^iaret/1 0/2011 






G 






G 






Y 






K 








Q 



Accession numbers: A/equine/Miami/1963, AAA43164; A/equine/Nador/1/1997, AFJ69903; A/equine/Essaouira/2/2004, AFJ69905; A/equine/Essaouira/3/2004, AFJ69909; A/equine/Algiers/1/1972, ACF22126; A/equine/ 
Italy/1199/1992, ACD85308; A/equine/Sachiyama/1/1971, ACI25735; A/equine/Sao Paulo/6/1963, ACD85264; A/equine/Egypt/6066NAMRU3-VSVRI/2008 (A/equine/Egypt/2008), ACH95682; A/equine/Uruguay/1/1963, 
ACD85418; A/equine/Tokyo/2/1971, AEM60147; A/equine/Tia ret/1/201 1, AGR54591; A/equine/Tiaret/2/201 1, AGR54592; A/equine/Tiaret/3/201 1, AGR54593; A/equine/Tiaret/4/201 1, AGR54594; A/equine/Tiaret/5/201 1, 
AGR54595; A/equine/Tiaret/6/201 1, AGR54596; A/equine/Tiaret/7/201 1, AGR54597; A/equine/Tiaret/8/201 1, AGR54598; A/equine/Tia ret/9/201 1, AGR54599; A/equine/Tiaret/1 0/201 1, AGR54600. 
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Cleavage site 

A/chi cken/Honq_Konq/258/97(H5Nl) PQRE RRRKKR GLFGAIAGF [191 

A/equine/Miaim/1963(H3N8) . EK QI. . I [191 

A/equine/Nador/1/1997 (H3N8) . EK QI. . I [19] 

A/equine/Essaouir a/2/2004 (H3N8) .EK QI. .1 [191 

A/equine/Essaouir a/3/2004 (h3n8) .EK QI. . I fl91 

A/equine/Algiers/l/1972(H3N8) . EK RL. . I [19] 

A/equine/Italy/1199/1992(H3N8) . EK QI. . I [191 

A/equine/Otar/764/2007(H3N8) . EK QI. . I [191 

A/equine/sachiyama/l/1971(H3N8) . EK RL. . I [191 

A/equine/5ao_Paul 0/6/1963 (H3N8) . E. RL. . I [191 

A/equine/Egypt/2008(H3N8) . EK QI. . I [19] 

A/equine/uruguay/l/1963(H3N8) . E. QI. .1 [19] 

A/equine/Tokyo/2/1971(H3N8) .GK RL. .1 [191 

A/equine/Sussex/l/1989(H3N8) . EK QI. . I [191 

A/equine/Tiaret/l/2011(H3N8) . EK QI. .1 [19] 

A/equine/Tiaret/2/2011(H3N8) . EK QI. . I [191 

A/equine/Tiaret/3/2011(H3N8) . EK QI. . I [191 

A/equine/Tiaret/4/201lCH3N8) . EK QI. . I [191 

A/equine/Tiaret/5/2011(H3N8) . EK QI. . I [19] 

A/equine/Tiaret/6/2011(H3N8) . EK QI. . I [19] 

A/equine/Tiaret/7/2011(H3N8) . EK QI. . I [19] 

A/equine/Tiaret/8/2011(H3N8) . EK QI. . I [19] 

A/equine/Tiaret/9/2011(H3N8) . EK QI. . I [191 

A/equine/Tiaret/10/2011(H3N8) . EK QV. .1 [19] 

Figure 2 Multiple alignment of 24 sequences of cleavage site (Hemagglutinin HA2). (Red line: sequence forming pathogenic cleavage site 
motif). Accession numbers: A/Chicken/Hong Kong/258/97(H5N1), AAC14418; A/equine/Miami/1963, AAA43164; A/equine/Nador/1/1997, AFJ69903; A/ 
equine/Essaouira/2/2004, AFJ69905; A/equine/Essaouira/3/2004, AFJ69909; A/equine/Algiers/1/1972, ACF22126; A/equine/ltaly/1 199/1992 , ACD85308; A/ 
equine/Otar/764/2007, ADZ55424; A/equine/Sachiyama/1/1971, ACI25735; A/equine/Sao Paulo/6/1963, ACD85264; A/equine/Egypt/6066NAMRU3-VSVRI/ 
2008 (A/equine/Egypt/2008), ACH95682; A/equine/Uruguay/1/1963, ACD85418; A/equine/Tokyo/2/1971, AEM60147; A/equine/Sussex/1/1989, ACD97425; 
A/equine/Tiaret/1/201 1, AGR54591; A/equine^iaret/2/201 1, AGR54592; A/equine/Tiaret/3/201 1, AGR54593; A/equine/Tiaret/4/201 1, AGR54594; A/equine/ 
Tiaret/5/201 1, AGR54595; A/equine/Tiaret/6/201 1, AGR54596 ;A/equine^ia ret/7/201 1, AGR54597 ; A/equine^iaret/8/201 1 ,AGR54598; A/equine^ia ret/9/ 
201 1, AGR54599; A/equine/Tiaret/1 0/201 1, AGR54600. 



highly conserved [17]. At the ectodomain, particularly 
the long alpha helix composed of 68 residues (38-105), 
which consists of three helices A (residues 38-55), B 
(residues 56-75) and C (76-105) [15], the strains A/ 
equine/Algiers/1972(H3N8) A/equine/Essaouira/2/2004 
(H3N8) and A/equine/Essaouira/3/2004(H3N8) have a 
common single substitution at residue F/56 2 /L 

Moreover, the strain A/equine/ Algiers/1972(H3N8) has 
a second mutation at residue A/101 2 /T. For the strain 
A/equine/Nador/l/1997(H3N8), the HA2 has three 
mutations at the residues F/56 2 /I, K/58 2 /R, E/85 2 /D. At 
the helix D (106-129), the strain A/equine/Algiers/1972 
(H3N8) has a single substitution at residue K/121 2 /R. At 
the helix formed E-H residues (130-175), the strain A/ 
equine/Nador/l/1997(H3N8) presents four mutations at 
the residues E/150 2 /G, D/160 2 /Y, R/174 2 /K and G/175 2 /S. 

Considerably, the mutation D/160 2 /Y of the strain A/ 
equine/Nador/l/1997(H3N8) localized on a conserved 
site, which characterizes the viruses of subtype (H3) 
[22]. The A/equine/Algiers/ 1972(H3N8) strain exhibits a 
substitution at residue G/175 2 /S. Regarding the A/equine/ 
Essaouira/2/2004(H3N8) strain and A/equine/Essaouira/ 
3/2004(H3N8) strain, the HA2 presents two common 
mutations at the residues N/154 2 /T et D/158 2 /N. The first 
mutation (N/154 2 /T) affects a glycosylation site (Figure 1). 
This mutation removed the NGT glycosylation site at 
position 154, which, could affect the structure, flexibility, 
and solvent exposure of this region. However, the recent 



adaptation of equine H3N8 virus to dogs is associated 
with five HA mutations, which include the N154 2 T [42]. 

At the transmembrane domain TM of the strain A/ 
equine/Essaouira/3/2004(H3N8) exhibits a substitution at 
residue C/199 2 /F. For the A/equine/Nador/l/1997(H3N8) 
strain the HA2 shows a mutation at residue M/207 2 /L. 
The four Maghreb strains reveals a common substitution 
at the residue E/211 2 /Q situated between transmembrane 
domain TM and the cytoplasmic domain (CD). 

Indeed, the occurrence of severe respiratory signs in 
the infected horses, obviously confirm that the enrolled 
four strains in this study are virulent in nature. 

Conclusion 

Although the amino acid sequences of the HA2 subunit 
are relatively stable, several mutations compared to the 
reference strain A/equine/Miami/1963 were found for 
the four strains of the Arabic Maghreb. Apart from the 
mutation D/160 2 /Y of the strain A/equine/Nador/1/1997 
(H3N8), Q/327VR of the strain A/equine/Algiers/ 1972 
(H3N8) and N/154 2 /T of both strains A/equine/Essaouira/ 
2/2004 (H3N8)and A/equine/Essaouira/3/2004(H3N8), the 
other mutations were involved at not conserved sites at 
helices B, C, D, E-H and TM. 

Competing interests 

The authors declare that they have no competing interests. 



Boukharta et al. BMC Research Notes 2014, 7:448 
http://www.biomedcentral.eom/1756-0500/7/448 



Page 8 of 9 



Authors' contributions 

The work presented here was carried out in collaboration between all authors. 
BM performed and wrote the first draft of the manuscript. FZ helped in 
redrafting the manuscript. MME, EHM, TN are conceived of the study and helped 
revisinging the manuscript. All authors read and approved the final manuscript. 

Acknowledgements 

This study was supported by the University Hassan II. Mohammedia-Casablanca, 
Faculty of Science and Techniques, Mohammedia, Morocco. The authors would 
like to thank the Inspection de Service de Sante Militaire/Division Veterinaire 
(EMG/ISS/DV) for their support. 

Author details 

University Hassan II, Faculty of Sciences and Techniques, 
Mohammedia-Casablanca, Laboratory of Virology, Microbiology and Quality/ 
ETB, Mohammedia BP 146, (20650), Morocco, department of Biology, 
Instruction Military Hospital Med V Rabat, University Mohammed V Souissi, 
Rabat, Morocco. 3 Societe de Produits biologiques et pharmaceutiques 
veterinaires (Biopharma), Rabat, Morocco. 

Received: 14 March 2013 Accepted: 23 June 2014 
Published: 12 July 2014 

References 

1. Van Maanen C, Cullinane A: Equine influenza virus infections. Vet Q 2002, 

24:79-94. 

2. Myers C, Wilson D: Equine Influenza Virus. Clin Tech Equine Pract 2006, 
5:187-196. 

3. Timoney PJ: Equine influenza. Comp Immun Microbiol infect Dis 1996, 
19(3):205-211. 

4. Lai ACK, Rogers KM, Glaser A, Tudor L, Chambers T: Alternate circulation of 
recent equine-2 influenza viruses (H3N8) from two distinct lineages in 
the United States. Virus Res 2004, 100:159-164. 

5. Sovinova O, Tumova B, Pouska F, Nemec J: Isolation of a virus causing 
respiratory disease in horses. Acta Virol 1985, 2:52-61. 

6. Waddell GH, Teigland MB, Sigel MM: A new influenza virus associated 
with equine respiratory disease. J Am Vet Med Assoc 1963, 143:587-590. 

7. Zientara S: Epidemiologic moleculaire: I'exemple de la grippe des 
equides. Epidemiologic Et Sante Animale 2001, 39:69-74. 

8. Daly JM, Newton JR, Jennifer AM: Current perspectives on control of 
equine influenza. Vet Res 2004, 35:41 1-423. 

9. Daly JM, Lai ACK, Binns MM, Chambers TM, Barrandeguy M, Mumford JA: 
Antigenic and genetic evolution of equine H3N8 influenza A viruses. 
J Gen Virol 1 996, 77:661-671. 

10. Daly JM, MacRae S, Newton JR, Wattrang E, Elton DM: Equine influenza: A 
review of an unpredictable virus. Vet J 201 1, 189:7-14. 

1 1 . Zhirnov OP, Vorobjeva IV, Saphonova OA, Poyarkov SV, Ovcharenko AV, 
Anhlan D, Malyshev NA: Structural and evolutionary characteristics of HA, 
NA, NS and M genes of clinical influenza A/H3N2 viruses passaged in 
human and canine cells. J Clin Virol 2009, 45:322-333. 

12. Chen W, Calvo P, Malide D, Gibbs J, Schubert U, Bacik I, Basta S, O'Neill R, 
Schickli J, Palese P, Henklein P, Bennink JR, Yewdell JW: A novel influenza A 
virus mitochondrial protein that induces cell death. Nat Med 2001, 
7:1306-1312. 

13. Wright PF, Neumann G, Kawaoka Y: Orthomyxoviruses. In Fields Virology, 
Volume 2. 5th edition. Edited by Knipe D, Howley P. Philadelphia: Lippincott 
Williams and Wilkins; 2007:1691-1740. 

14. Louisirirotchanakul S, Lerdsamran H, Wiriyarat W, Sangsiriwut K, Chaichoune 
K, Pooruk P, Songserm T, Kitphati R, Sawanpanyalert P, Komoltri C, 
Auewarakul P, Puthavathana P: Erythrocyte binding preference of avian 
influenza H5N1 viruses. J Clin Microbiol 2007, 45:2284-2286. 

15. Isin B, Doruker P, Bahar I: Functional motions of influenza virus 
hemagglutinin: a structure-based analytical approach, biophys j 2002, 
82:569-581. 

16. Bullough PA, Hughson FM, Treharne AC, Ruigrok RW, Skehel JJ, Wiley DC: 
Crystals of a fragment of influenza haemagglutinin in the low pH 
induced conformation. J Mol Biol 1 994, 236:1 262-1 265. 

17. Chen J, Skehel JJ, Wiley DC: N- and C-terminal residues combine in the 
fusion-pH influenza hemagglutinin HA2 subunit to form an N cap that 
terminates the triple-stranded coiled coil. Proc Natl Acad Sci 1999, 
96:8967-8972. 



18. Skehel JJ, Wiley DC: Influenza haemagglutinin. Vaccine 2002, 20 
(Supplemental -S54. 

1 9. Munster VJ, Schrauwen EJ, de Wit E, van den Brand JM, Bestebroer TM, Herfst 
S, Rimmelzwaan GF, Osterhaus AD, Fouchier RA: Insertion of a multibasic 
cleavage motif into the hemagglutinin of a low-pathogenic avian influenza 
H6N1 virus induces a highly pathogenic phenotype. J Virol 2010, 84 
(16):7953-7960 http://www.ncbi.nlm.nih.gov/pubmed/20519405. 

20. Klenk H, Garten W: Host cell proteases controlling virus pathogenicity. 
Trends Microbiol 1 994, 2:39-43. 

21 . Stieneke-Grober A, Vey M, Angliker H, Shaw E, Thomas G, Roberts C, Klenk H, 
Garten W: Influenza virus hemagglutinin with multibasic cleavage site 
is activated by furin, a subtilisin-like endoprotease. EMBO J 1 992, 
11:2407-2414. 

22. Walker J, Molloy S, Thomas G: Sequence specificity of furin, a proprotein- 
processing endoprotease, for the hemagglutinin of a virulent avian 
influenza virus. J Virol 1994, 68:1213-1218. 

23. Cross KJ, Langley WA, Russell RJ, Skehel JJ, Steinhauer DA: Composition and 
functions of the influenza fusion peptide. Protein Pept Lett 2009, 16:766-778. 

24. Roberts B: Influenza: biology, infection, and control. In Emerging Infections 
in Asia. Edited by Lu Y. © Springer Science and Business Media, LLC; 2008:3- 
30. http://link.springer.eom/chapter/10.1007/978-0-387-75722-3_1#page-1. 

25. Varea kova E, Mucha V, Kostolanska F, Gubareva LV, Klimov A: HA2-specific 
monoclonal antibodies as tools for differential recognition of influenza A 
virus antigenic subtypes. Virus Res 2008, 132:181-186. 

26. Nobusawa E, Aoyama T, Kato H, Suzuki Y, Tateno Y, Nakajima K: 
Comparison of complete amino acid sequences and receptor-binding 
properties among 13 serotypes of hemagglutinins of influenza A viruses. 
Virology 1991, 182:475-485. 

27. Macosko JC, Kim CH, Shin YK: The membrane topology of the fusion 
peptide region of influenza hemagglutinin determined by spin-labeling 
EPR. J Mol Biol 1997, 267:1 139-1 148. 

28. Skehel JJ, Waterfield MD: Studies on the primary structure of the 
influenza virus hemagglutinin. Proc Natl Acad Sci USA] 975, 72:93-97. 

29. Smirnova YA, Fedorova NV, Ksenofontov AL, Kordyukova LV, Serebryakova 
MV, Baratova LA, Vaskovsky BV: Isolation of the influenza A HA2 C-terminal 
segment by combination of nonionic detergents. Adv Exp Med Biol 2009, 
611:311-312. 

30. Boukharta M, Touil N, El Fahim E, Terta M, Kissi B, Loutfi C, El Harrak M, 
Ennaji MM: Phylogenetic and molecular characterization of the equine 
influenza virus A (H3N8) causing the 1997 and 2004 outbreaks in 
Morocco. J Equine Vet Sci 201 3, http://dx.doi.Org/1 0.1 01 6/j.jevs.201 3.1 0.1 74. 

31. Laabassi F, Lecouturier F, Amelot G, Gaudaire D, Mamache B, Laugier C, 
Legrand L, Zientara S, Hans A: Epidemiology and genetic characterization 
of H3N8 equine influenza virus responsible for clinical disease in Algeria 
in 201 1. Transbound Emerg Dis 2014, doi:10.1 1 1 1/tbed.l 2209. 

32. Kissi B, Daoudi N, El Kantour A, Id Sidi Yahia K, Benazzou H: Premier 
isolement au Maroc du virus de la grippe equine baptise A/Equi/Maroc/ 
1/97. Espace Veterinaire 1998, 14:10. 

33. World Organization for Animal Health OIE: World Animal Health Information 
Database (WAHID). 2004. ftp://ftp.oie.int/SAM/2004/MAR_F.pdf. 

34. World Organization for Animal Health OIE: 2012. http://www.oie.int/fr/ 
normes-internationales/manuel-terrestre/acces-en-ligne/ (Vaccines MoSfDTa 
ed., vol. Chapter 2.5.7. 

35. Tissier O: Etude comparative de sequences du virus de la grippe equine 
en France. 2008, http://portaildoc-veto.vetagro-sup.fr/?q=node/36. 

36. Saitou N, Nei M, The Neighbor-joining Method: A new method for 
reconstructing phylogenetic trees. Mol Biol Evol 1 987, 4:406-425. 

37. Tamura K, Dudley J, Nei M, Kumar S, MEGA4: Molecular evolutionary 
genetics analysis (MEGA) software version 4.0. Mol Biol Evol 2007, 
24:1596-1599. 

38. Gohrbandt S, Veits J, Hundt J, Bogs J, Breithaupt A, Teifke JP, Weber S, 
MettenleiterTC, Stech J: Amino acids adjacent to the haemagglutinin 
cleavage site are relevant for virulence of avian influenza viruses of 
subtype H5. J Gen Virol 201 1, 92(1):51-59. 

39. Bogs J, Veits J, Gohrbandt S, Hundt J, Stech O, Breithaupt A, Teifke JP, 
MettenleiterTC, Stech J: Highly pathogenic H5N1 influenza viruses carry 
virulence determinants beyond the polybasic hemagglutinin cleavage 
site. PLoS One 2010, 5(7):e11826. doi:1 0.1 371 /journal.pone.001 1 826. 

40. Sui J, Hwang WC, Perez S, Wei G, Aird D, Chen LM, Santelli E, Stec B, 
Cadwell G, Ali M, Wan H, Murakami A, Yammanuru A, Han T, Cox NJ, 
Bankston LA, Donis RO, Liddington RC, Marasco WA: Structural and 



Boukharta et al. BMC Research Notes 2014, 7:448 
http://www.biomedcentral.eom/1756-0500/7/448 



Page 9 of 9 



functional bases for broad-spectrum neutralization of avian and human 
influenza A viruses. Nat Struct Mol Biol 2009, 16:265-273. 

41. Du L, Zhou Y, Jiang S: Research and development of universal influenza 
vaccines. Microbes Infect 2010, 12:280-286. 

42. Keleta L, Ibricevic A, Bovin NV, Brody SL, Brown EG: Experimental evolution 
of human influenza virus H3 hemagglutinin in the mouse lung identifies 
adaptive regions in HA1 and HA2. J Virol 2008, 82:1 1599-1 1608. 



doi:1 0.1 1 86/1 756-0500-7-448 

Cite this article as: Boukharta et al:. Cleavage site and Ectodomain of HA2 
sub-unit sequence of three equine influenza virus isolated in Morocco. 

BMC Research Notes 201 4 7:448. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit momea central 



